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ARRAYS ON PLASTIC SUBSTRATES 
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Field of the TnvA»tU n 
^ i„ve„«on „ relatK „ ^ of manufac(mi . ng eienron;c ^ 

displays. 

Background of the Invention 

pixels of a display must be addressable without interference fro ,r 

ui interference from adjacent pixels. One way to 

achieve this objective is to provide an arrav of nn„r 

P e an array of nonlmear elements, such as transistors, diodes or 

^^•- — ^^^.^^^^ 

Most examples of nonlinear elements to date have been fabricated using vacuum- 
d epo S itedsiliconon g las, ^^^^^^ ^ 

"boon transistors on plastic or other flexible film. 
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Recently, there has been significant development in the area of organic semiconducting 
polymers and molecules. Thin film transistors have been made out of semiconducting polymers. 
See Bao et al., Soluble and Processable Regioregular Poly(3-hexylthiophene) for Thin Film 
Field-Effector Transistor Applications with High Mobility, Appl. Phys. Lett. 69(26), 4108 
(December 1996); and Bao et al., High-Performance Plastic Transistors Fabricated by Printing 
Techniques, Chem. Mater. 1997, 9, 1299. U.S. Patent No. 5,574,291 describes addressing liquid 
crystal displays with transistors made out of semiconducting polymers. While remarkable 
advances have been made in the performance of organic-based transistors, the mobility 
characteristics of many organic semiconductor materials and devices are insufficient to 
successfully drive many types of liquid crystal or emissive displays. Therefore, many organic- 
abased transistors are not suitable for use with liquid crystal displays. 

In addition, liquid crystals can degrade the transistors when they come in contact with the 
transistors. Many organic semiconductor materials can be swollen by, or dissolved by, liquid 
crystalline fluids because those fluidsare good solvents. This solvent compatibility makes it 
challenging to design systems in which organic transistor devices can remain stable while in 
contact with or close proximity to liquid crystalline solvents, limiting their viability. 

Many organicrbased transistors have been made using a screen printing technology, in 
which the organic material is squeezed through an opening in a mesh to produce fine lines. 
Lines having a pitch as small as about 250 microns have been printed using the screen printing 
technology. While this line spacing is adequate for some applications, it is preferable to 
construct transistors with much smaller features, a goal not readily reached using screen printing. 
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In addition, the solvent carrier used for supporting screen printable materials must have a 
certain range of viscosity and surface energy characteristics. Such solvent carriers can 
potentially interfere with the electrical characteristics of the semiconductor material of the 
transistors. Finding proper solvent carriers, therefore, is difficult 

. Summary of the Invention 

The invention relates to a method of manufacturing an electronic device. In one aspect, 
an electronic device is manufactured in accordance with the following steps. An ink-jet printing 
system is provided. The ink-jet printing system includes a print head and a transfer member. A 
substrate is provided. A plurality of ink drops are dispensed from the print head to a surface of 
the transfer member forming an ink pattern corresponding to at least a component of the 
electronic device. The plurality of ink drops can include a conductive material and/or a 
semiconductive material. The ink pattern is transferred from the transfer member to the 
substrate, thereby forming the component of the electronic device. 

In one embodiment, the ink drops include an organic conductive material and/or an ' 
organic semiconductive material. In another embodiment, the ink drops include a colloidal 
inorganic conductive material and/or a colloidal inorganic semiconductive material, or 
organometallic material. In one embodiment, the ink drops further includes an insulating 
material. 

In one embodiment, the ink drops form an ink pattern corresponding to at least a 
component of a transistor, such as a source electrode, a drain electrode, a dielectric layer, a 
semiconductor layer, or a gate electrode. 
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In one embodiment, the ink-jet printing system further includes an applicator for applying 
a release material to the transfer member. For example, the release material can be applied to a 
surface of the transfer member and the plurality of ink drops can be dispensed adjacent the 
release material. 

5 In one embodiment, the substrate is provided between the transfer member and a pressure 

applying member. The substrate can be provided on a conveyor belt Alternatively, a plurality 
of substrates can be provided for a batch process. The substrate can be flexible. 

In one embodiment, an electronic display media is provided and assembled with the 
electronic device. The electronic display media can include a plurality of microcapsules; where 
10 each capsule includes particles dispersed in a fluid. Alternatively, each microcapsule can include 
a bichromal sphere. 

Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the present invention, as well 
as the invention itself, will be more fully understood from the following description of preferred 
15 embodiments, when read together with the accompanying drawings, in which: 

Figure 1 a shows a cross-section view of a transistor according to one embodiment of the 
present invention. 

Figure lb shows a cross-section view of a transistor according to one embodiment of the 
present invention. 



20 



Figure 2 shows a cross-section view of a diode according to one embodiment of the 
present invention. 
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Figure 3 illustrates ink jet printing according to one embodiment of the present invention. 

Figure 4 illustrates ink jet printing according to one embodiment of the present invention. 

Figure 5 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 6 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 7a shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 7b shows a cross-section view of an electronic display according to 6ne 
embodiment of the present invention. 

Figure 7c shows a top view of the electronic display of Figure7b with the display media 
and the first electrode removed. 

Figure 8 shows a cross-section view of a transistor according to one embodiment of the 
present invention. 

Figure 9 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 10 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 1 la shows a partial cross-section view of an electronic ink according to one 
embodiment of the present invention. 
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Figure .1 lb shows a partial cross-section view of an electronic ink according to one 
embodiment of the present invention. 

Figure 1 lc shows a partial cross-section view of an electronic ink according to one 
embodiment of the present invention. 

Figure 1 Id shows a cross-section view of an electronic ink according to one embodiment 
of the present invention. 

Figure 12 illustrates a method of assembling an electronic display according to one 
embodiment. 

Detailed Desc ription of Preferred Embodiments 

Referring to Figure la, an organic-based field effect transistor 10 includes a substrate 12, 
a gate electrode 14 provided on the substrate 12, a dielectric layer 16 provided on the gate . 
electrode 14, an organic semiconductor 1 8 provided on the dielectric layer 16, and i 
electrode 20 and a drain electrode 22 provided on the organic semiconductor. 1 8. 

The substrate 12 can be flexible. For example, the substrate 12 can be made of i 
insulating polymer, such as polyethylene terephthalate (PET), polyester, polyethersulphc 
(PES), polyimide film (e.g. Kapion, available from Dupont [Wilminton, DE]; Upilex available 
from Ube Corporation [Japan]), or polycarbonate. Alternatively, the substrate 12 can be made of 
an insulator such as undoped silicon, glass, or other plastic material. The substrate 12 can also 
be patterned to serve as an electrode. The substrate 12 can further be a metal foil insulated from 
the gate electrode 14 by a non-conducting material. The substrate 12 can also be a woven 
material or paper, planarized or otherwise modified on at least one surface by a polymeric or 
other coating to accept the other structures. 
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The gate electrode 14, the source electrode 20, and the drain electrode 22, for example, 
can comprise a metal such as aluminum or gold! The electrodes 14, 20, 22 can also comprise a 
conductive polymer such as polythiophene or polyaniline. The electrodes 14, 20, 22 can further 
include a printed conductor such as a polymer film comprising metal particles such as silver or 
nickel, a printed conductor comprising a polymer film containing graphite or some other 
conductive carbon material, or a conductive oxide such as tin oxide or indium tin oxide. 

The dielectric layer 16, for example, can comprise a silicon dioxide layer. Alternatively, 
the dielectric layer 36 can comprise an insulating polymer such as polyimide and its derivatives, 
poly-vinyl phenol, polymethylmethacrylate, polyvinyldenedifluoride, an inorganic oxide such as 
metal oxide, an inorganic nitride such as silicon nitride, or an inorganic/organic composite 
-material such as an organic-substituted silicon oxide, or a sol-gel organosilicqn glass. The • 
dielectric layer 36 can also comprise a bicylcobutene derivative (BCB) available from Dow . ' 
Chemical (Midland, MI), spin-on glass, or dispersions of dielectric colloid materials in a binder 
'or solvent 

The semiconductor layer 18 can be an organic polymer. In one embodiment, the organic 
semiconductor comprises a polymeric or oligomeric semiconductor. Examples of suitable 
polymeric semiconductors include, but are not limited to, polythiophene, poly(3- 
alkyl)thiophenes, alkyl-substituted oligothiophene, polythienylenevinylene, poly(para- 
Phenylenevinylene) and doped versions of these polymers. An example of suitable oligomeric 
semiconductor is alpha-hexathienylene. Horowitz, Organic Field-Effect Transistors, Adv. 
Mater., 10, No. 5, p. 365 (1998) describes the use of unsubstituted and alkyl.substituted 
oligothiophenes in transistors. A field effect transistor made with regioregular poly(3- " 
hexylthiophene) as the semiconductor layer is described in Bao et al., Soluble and Processable 
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RegioregularPoly(3-hexylthiophene)for Thin Film Field-Effect Transistor Applications with 
High Mobility, Appl. Phys. Lett 69 (26), p. 4108 (December 1996). A field effect transistor 
made with a-hexathienylene is described in U.S. Patent No. 5,659,1 81 . 

In another embodiment, the organic semiconductor 1 8 comprises a carbon-based 
5 compound. Examples of suitable carbon-based compounds include, but are not limited to, 
pentacehe, phthalocyanine, benzodithiophene, buckminsterfullerene or other fiillerene 
derivatives, tetracyanonaphthoquinone, and tetrakisimethylanimoethylene. The materials 
provided above for forming the substrate, the dielectric layer, the electrodes, or the 
semiconductor layer are exemplary only. Other suitable materials known to those skilled in the 
1 0 art having properties similar to those described above can be used in accordance with the present 
invention. 

Referring to Figure 1 b, an organic-based field effect transistor 30 includes a substrate 32, 
a gate electrode 34 disposed adjacent the substrate 32, a dielectric layer 36 disposed adjacent the 
gate electrode 34, an organic semiconductor 38 disposed adjacent the dielectric layer 36, and a 
1 5 source electrode 40 and a drain electrode 42 disposed adjacent the dielectric layer 36 and in 
contact with the semiconductor layer 38. 

The field effect transistor configurations provided in Figures la and lb are exemplary 
only. Other transistor designs known to those skilled in the art can be used in accordance with 
the present invention. For example, a top gate structure in which the source and drain electrodes 
20 are placed adjacent the substrate, covered by the semiconductor layer, which in turn is covered 
by the dielectric and gate electrode, can also be used in accordance with the present invention. 
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Back-to-back diodes may also be used as a non-linear element in an electronic display. 
Referring to Figure 2, a back-to-back organic-based diode 50 includes a substrate 51, a patterned 
stack of a first conductive layer 52 provided on the substrate 51, a layer 54 of p-type 
semiconducting material provided on the first conductive layer 52, a layer of n-type 56 
semiconducting material provided on the p-type semiconducting layer 54, a second layer of p- 
type semiconducting material 54' provided on the n-type semiconducting layer 56, a*d a second 
conductive layer 58 provided adjacent the second p-type semiconducting layer 54'. In another 
embodiment, the back-to-back diode is formed by depositing a stack consisting of a first 
conducting layer, a semiconducting layer, a second conducting layer characterized by a different 
work function than the first conducting layer, a second semiconducting layer, and a third 
conducting layer with the same work function as the first conducting layer. For example, gold 
and aluminum are known to have markedly different work functions and thus can be used as the 
first conducting layer and the second conducting layer. The diode configuration provided in 
Figure 2 is exemplary only. 

The substrate 51 can be flexible and be made of various materials discussed above in 
connection with Figure la, and the conductors 52, 58 can be made of various materials such as 
conductive polymers or dispersions of conductive particles as discussed above. The 
semiconducting layers can be made from the organic semiconductors discussed above. Both n- 
type and p-type organic semiconductors are known to those skilled in the art Other diode 
designs known to those skilled in the art can be implemented using the present invention. 

According to the present invention/one or more constituent layers of non-linear 
electronic devices such as the transistors of Figures la and lb and the diode of Figure 2 can be 
manufactured by ink-jet printing. 
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Refeiring to Figure 3, an ink-jet printer 60 includes a print head 62 coupled'to a control 
assembly (not shown). In one embodiment, the print head 62 includes a plurality of orifices for 
dispensing one or more fluids onto a desired media. For example, one sub-group of orifices can 
be connected to a reservoir that contains a conducting fluid solution, a second sub-group of 
orifices can be connected to a reservoir that contains a semiconducting fluid solution, and a third 
sub-group of orifices can be connected to a reservoir that contains an insulating fluid solution. 

In one embodiment, the print head 62 can further include a fourth group of orifices 
connected to a reservoir that contains a solution comprising a precursor material. The precursor 
material advantageously affects subsequent deposition of the semiconducting material. The 
precursor material can be selected from a wide spectrum of available materials including, but not 
limited to, surface active agents such as octadecyltrichlorosilane (OTS). By modifying the 
dielectric surface chemistry, the surface active agents can improve the performance of a 
completed thin film transistors. 

In another embodiment, a plurality of print heads, each capable of printing only one ' 
constituent material, can be used to deposit each of the materials used to build electronic devices. 

In operation, the control assembly applies the necessary control signals to each of the 
orifices to control the sequence of printing of the various ink materials. The ink drops 61 are 
dispensed on the substrate 63 through the openings in the print head 62. The print head 62 
preferably uses a pulse-on-demand method, and can employ one of the following methods to 
dispense the ink drops 61: piezoelectric, magnetostrictive, electro-mechanical, electropneumatic, 
electrostatic, rapid ink heating, magnetohydrodynamic, or any other technique well known to 
those skilled in the art. The ink drops 61 dispersed on the substrate 61 form an ink pattern which 
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coiresponds to a constituent layer of an electronic device. The ink patterns undergo a curing step 
or another processing step before subsequent layers are applied. 

Referring to Figure 4, the substrate 63 can be provided on a transport 64 which includes a 
stage 65 and a pair of rollers 66. The rollers 66 provide continuous movement of the substrate 63 
5 relative to the print head 62 resulting in a continuous printing process. Alternatively, multiple 
. substrates can be processed as a batch. 

In one embodiment, an electronic device can be. manufactured using an ink-jet printer of 
Figure 5. The ink-jet printer 70 includes a control assembly 71, a print head 72, a transfer 
member 74, a tensioner 78, and a transport 82. The control assembly 71 includes sufficient 
10 driving electronics to allow for independent control of the dispensing of fluid drops from each of 
the orifices. The control assembly also regulates the speed at which the transfer member 74 and 
substrates 80 move through the printer 70. 

The transfer member 74 can be a drum. Alternatively, the transfer member 74 can have 
another configuration sufficient for receiving ink drops to form an ink pattern and for transferring 

15 the ink pattern to a substrate 80. The transfer member 74 can include surface material which aids 
transfer of the ink pattern to the substrate 80. For example, the transfer member 74 can be coated 
with a thin film of an oil-based material to facilitate the transfer of aqueous-based ink drops from 
the surface of the transfer member 74. In one embodiment, the transfer member 74 is constructed 
of a rigid body and a surface material comprising a resilient polymeric material. In another 

20 embodiment, the surface of the transfer member 74 can be coated with a non-sticking layer such 
as silicone, silicone rubber or teflon. In one example, the transfer member 74 is made of an 
aluminum base material and a surface layer is made from silicon rubber doped with carbon filler 
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to prevent charge accumulation. The transfer member 74 can be rigid or flexible. The transfer 
member 74 can also be made of a woven material. The material for the transfer member 74 can 
be chosen on the basis of several parameters, including precision of transfer, mechanical 
properties, surface properties, durability, and cost. 

The tensioner 76 can be a backing roller which, together with the transfer member 74, 
provides pressure to the substrate 80. Alternatively, the tensioner 76 can have another 
configuration sufficient to support and provide pressure to the substrate 80. Alternatively, other 
means of transporting the substrate 80 relative to the transfer member 74 and/or providing 
pressure to the substrate 80 can be used in accordance with the present invention. The transport 
82 can include a pair of rollers as shown in Figure 5. 

In one embodiment, the ink-jet printer 1 00 further includes a planzarizer for planzarizing 
the ink pattern provided on the substrate 80. 

In operation, a substrate 80 is provided between the transfer member 74 and the tensioner 
78. The substrate 80 is delivered to the transfer member 74 through the rollers 82, which 
continuously move the substrate 80 relative to the transfer member 74. 

The control assembly 71 provides appropriate control commands (e.g. voltages) to. the . 
print head 72 to cause the print head 72 to dispense droplets of ink. The control assembly 71 
produces an independent output signal for each orifice 86 on the print head 72. The signal 
waveform is selected based upon the print head design, and upon the fluid mechanical properties 
(e.g. density, viscosity, surface tension) of the ink material. The control assembly also 
synchronizes the advance speed of the transfer member 74 or the substrate 80 with the print rate. 
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The print head 72 dispenses ink drops 84 on a surface of the transfer member 74 through 
*e orifices 86. The ink drops 84 can include a semiconductor materia!, a conductor materia, 
and/or an insuiator materia, to fonn an e,eetronic device. The ink drops can he organic materia, 
based or coHoida, inorganic materia, hased. The ink drops 84 form w ink pattern ,0, which 

^^'^^v.,om. S „hstt, te8Ql mfi 1UBp ^ OTofraeWCTmmber74 
having me ink pattern 90 comes in comae, with the suhsttate 80. The ink pattern is transferred 
from me ttansfer memher 74 to me suhsttate 80 as the transfer memher 74 contacts the 
suhsttate 80. The ink pattern ttansfe^d ,o me suhsttate 80 can subsequent,, he cooled, cured, 
■0 "^^.oconveHmeinkm^m^acom^ento,,,,^^^ W 
^s are repeated unti, a„ me necessa^ components of an e,eettonic device are printed on the 
suhstta.080. Ther=after,e,ecttuniodevioe92isfo,medonmesuhstta,e80. Forsomeink 
ntateriais, i, is p re femb,e to cure the mk materia, after deposition on the ttansfer member 74, hu, 
before transferring it to the substrate 80. 
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Alternative* electronic devices can be manufacttred ^ me ^ ^ ,„„ rf 
Figure 6. The ink-jet printer ,00 of Figure 6 is amstantiafiv simfiar to me ink-je, printer 70 of 
Figures, ^^^f^ot^i^^y^^ ^^^ ^ 
toher includes a release agent apphcator , 02, a blade ,06, and asttipper ,04. 

The release agen, applicator ,02 can be a squeegee roHer which totatos in me direction 
20 opposite that oftheuansfer member 74. The s q ueegee m„er, atong with me blade .OS.providea 
controlled thin coating of a re,ease agen, to be provided on a surface of the ttansfer member 74 
Prior to dispensing the ink drops on the transfer member 74. The reiease agen, aids transfer of 
-He ink patten, 90 ,o the substtato 80 . The desirable properties of me release agen, depend 
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intimately upon the chemistry of the material in the ink drops. It is desirable for the release agent 
to have the following properties: (1) the ink material should be insoluble in the release agent; (2) 
the difference between the surface tension of the release agent and the surface tension of the ink 
material should be such that a contact angle of the at-rest ink drop is less than 90 degrees; (3) the 
ink drop should be transferred ^^^out^ gmysi ^^ t ^ m ^ 
surface of the transfer member. 

Tne ink-jet printers provided in Figures 5 and 6 are exemplary only. Ink-jet printers 
having other variations known to those skilled in the art can also be used in accordance with the 
present invention. 

Tfce ink-jet printer which uses the transfer member improves the quality of printing, 
making the printed image more precise. For example, it reduces blurring of the printed image 
which results from the wicking of the ink into the substrate due to the flow of the liquid based 
ink. Also, the transfer member's surface may be of much higher quality (smaller surface 
roughness and more carefully controlled surface chemistry) than that of the substrate. Therefore, 
the ink pattern transferring from the transfer member to the substrate can be more precise. 
According to the present invention, small drops of conductor or semiconductor can be deposited 
in precise locations on a substrate to create fine lines having width smaller than 50 microns, with 
precisely controlled spaces between the lines. 

Using this technique, one or more non-linear devices can be fabricated. For example, a 
transistor can be constructed as follows. First, a conductive ink solution is deposited in the 
desired pattern onto the transfer member, transferred to a substrate, and cured or further 
processed to form a transistor gate. Second, an insulating ink solution is deposited in the desired 
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pattem onto the transfer member, transferred to the substrate adjacent the transistor gate, and 
cured or further processed to form the gate dielectric. Third, a semiconducting ink solution is 
deposited in the desired pattern onto the transfer member, transferred to the substrate adjacent the 
gate dielectric, and cured to form the semiconducting thin film. Finally, the conductive ink 
solution is again applied in the desired pattern onto the transfer member, transferred to the 
substrate adjacent the semiconducting thin film, and cured or further processed to form the 
source and drain structures. This technique may be used to create any of a wide number of thin 
film transistor structures known to those skilled in the art. Means of curing printed materials to 
make them solvent resistant are well kno^ to those skilled in the art Such curing methods 
include, but are not limited to, heating, photochemical reaction, and solvent evaporation. Diodes 
and other electronic devices can be manufactured through ink jet printing in a manner similar to 
that described with respect to a transistor. 

The transistors and other electronic devices made in accordance with the present 
invention and as described above can be used in addressing an electronic display. Referring.* 
Figure 7a, an electronic display 110 includes a display media 1 12, a first electrode 1 1 6, a second 
electrode 118, an array of transistors 120, an array of row electrodes 117, and an array of column 
electrodes 115. The first electrode 116 is disposed on a first surface 1 1 1 of the display media 
112. In one embodiment, the first electrode 1 16 comprises a transparenVcontinuous electrode. 
The second electrode 1 1 8 disposed on a second surface 1 1 3 of the display media 1 12 comprises 
an array of patterned pixel electrodes 1 1 8. Each patterned electrode 1 1 8 defines a pixel of the 
display 1 1 0. The transistors 1 20 are located underneath the pixel electrodes 1 1 8. Each transistor 
120 is electrically connected to a pixel electrode 1 18 to address a pixel. A row electrode 1 17 is 
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clectiicafl, competed «o all U* .mnsiaom 120 in «Ba, row. Acolumndec.ro* 1I5is 
electrically connected to all the transistors 120 to that column. 

In the display 1 1 0 of Figure 7a, the tonsil , 20 am .ocated on the backside of me 
display „0 from the aandpom, of the viewer,!* MttwB ^ ^ m ^ 
locate „„ ft. rid. of me display HO. In thj* embodiment transparen, pixe! electees 
would be portioned on me fa, surface 1 „ of the display media 1 ,2. while the continuous 
electrode would be position*, on the second surface 1 .3 of the dispray media 1 . 2. Tire 
contmuous electrode need not be transparent 

In one embodiment, the elect™* display , ,0 can be reflective. In mis embodiment, the 
size of the nanris^rs 120 positioned on the backside of the display ! 1 0 does no, affect me abilhy 
ofttre viewer 1 19 ,o view me display „0. TWfore,me sizeof dtetiansismr ,20canbe 
determine, based on manufacturing considerations and tiansistor performance. Urn size of me 
tiansismr 120 can be in me range from abou, .% ,o abou, !00% of me atea of me pixe. me 
tiansistor 120 addresses. h anotirer emirodlmen, me Cectiomc disp,ay „0 cat, be tiansmissive. 
In mis embodiment the transistors 120 can impede the ability of fte viewer 1 1 9 to view tire 
display 110. Therefore, fl, e Gators ,20 ate made as smal, as possible. In one embodiment 
*e size of fl,e transistor 120 is less tiran 50% of me area of tite pixe. addressed by tire tiansistor 
■20. In apreferred embodiment me size of tire tiansistot ]2 „ is less ^ 20% of ^ ^ o{i!k 

Pixel addressed by ,he tiansistirr 120. In amom preferred embodiment the size of the tiansistor 
120 is less man 5% „f ^ m of the pjM| by ^ ^ 

Refening ,o Figures 7b and 7c, an electionic display 1.0' includes a display media 1 12' 
having a plurali.y „f pixels drfined by ^ ^ , ^ ( ^ ^ 
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includes the first electrode 1 16', the transistors 120', the row electrodes 1 17*, the column 
electrodes 115', and an insulator 121. In this embodiment, the transistors 120' axe positioned 
adjacent the pixel electrodes 118'. 

In one embodiment, an organic-based field effect transistor b protected by a barrier layer. 
The barter layer protects the transistor fiom air, water, light or other environmental factors to 
- which the transistor can be senshive. The brter layer also protects me nansistor fi»m me 
aolven.ofmedisp.aymedia.ifnecessary. Where the solvent of the display media has a different 
polarity from the transit materia,, contact benveen the solvent and the transistor may no. affect 
me transistor properties However, where fl. solvent would affec, the properties ofthe tnmsistor 
upon contact, the tarter layer segregates the so!™, and the transistor. In one embodiment the 
barter layer is opaque. In one embodiment, the banier layer comprises a metal film such as an 
aluminum film. In another embodiment, the bamer layer comprises a metal oxide coating such 
as Indium Oxide, Tin Oxide. In di„m Tin Oxide, Silicon Monoxide, or Silicon Dioxide coafings. 
A meal film layer or a conducting oxide film layer may require additional insulating layers ,o 
prevent unwanted electrical connections between transistor components. In anomer.embodiment, 
the barrier layer comprises a polymeric film containing fluorine. In another embodiment, the 

btaier layer comprises a polymeric film containing absotbing particles or dyes. In still another 
embod inKnt , a* bmia layer ^ rf ^ ^ 

viator. For example, the banier layer can comprise a multi layer polymer composite film. 

Referring to Figures 8 and 9, each transistor 130 is individually protected from the 
display media 132 by a barrier layer 134. Each «ransb,or ,30 is portioned adjacent a pixel 
electrode 1 36 on a substrate ,3 8 . The column electrode 140, and the row electrode (no. shown, 
are also provided on ,he subsuate 138. The barter layer 1 34 is positioned ove, a, leas, the 
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semiconductor layer 142 of fte m which ^ ^ ^ ^ fc ^ 

electa 146 ^connected ,o the column el . ctrode 140. The drab elee^ode 148 i S connected ,o 
*e pixel elee^de , 36. Tie gat. eleorode tSOis core.ee.ed ,„ the row ..corrode (no, shown, 
Referring ,o Figure !0, an array of 230 ^ ^ fc ^ ^ 

232wiftaf.rstbarri.rUy.r233. The anay of transistots 230 are portioned on a substtat. 235 
^^^^^^0.00^ 234. Thesnbst^Salsoftactionsasasecond 
barter .ayer, proreedng ft. transistors 230 from fte environment. The edgea of fte firs, barter 
layer 233 and fte second barter !a,er 235 are sealed, thereby foxing „ banicr ^ 23f> 
encapsnlattagfteanayoftrareisto^O. The barter capsule 236 also encapsuiates fte column 
elec tt odea238and fterowelec tt odes ( no«ah„wn). The firs, barter layer 233 include* a 
pluralhy of vias for providing an elecrtcal con.ee. between a hansiaror 230 and ha adjacen, pixel 
electrode 234. The viaa can be made by etching ft. fe, w layer 233 ,„ ^ , plra|jty 
of opening and providing a conductiv. ma,.rial tasfde ft. openings, thereby providing e.ecfricaf 
contact between ft. dmin electrode 237 of ft. transistor 230 and ft. pixel electrode 234. 

In one embodiment me display is addressed in fte following manner. While a voltag. is 
appli.d ,„ ft. gat. .I.o«rod. 5 on a row, differ.* TOltages m appHed t0 ^ co|umn e|ectIode „ 
ma. each pixel in fta, row is driven to a unique state. The characteristics of fte Uansistors 
prevent pixels on other rows from responding ,„ ft. ^ voltages Eac „ row elec(rode (ga[e 
«n.) is then scatmed in sequence, so fta, an image can be buil, up across ft. entire display. In 
another embodiment, fte electronic display comprises an irregular grouping of pixels and 
electrodes, rather than a regular x-y grid of .l.ctrod.s and pixels. 
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An electronic display comprising a microencapsulated particle-based display media and 
an organic-based field effect transistor offer numerous advantages. 

First, the display can be made inexpensively using a simple manufacturing process. For 
example, both the organic-based field effect tractor a,d me display media ca, be printed. 
Commonly owned U.S. Patent Application Serial No. 09/1 40,856 filed on August 27, 1 998, 
iterated herein by reference, describes an electronic display which is printed in its entirety. 
Since the entire display can beprinted, the display can be made large, ^e display can possess a 
largenumberofpixels addressed - a row a.d colunm (also Imow^ as XY) addressing scheme. 
The display can also be made using flexible substrates. 

Second, the performance requirements for the organic-based field effect transistor when 
usedin this particle-based display is not stringent. Because oflow current requirements of the 
particle-based encapsulated display media, transistors having moderate performance 
characteristic (i.e., transistor mobility of less than 1 0" W/Vs) can be suitable for driving such 
display. 

, Third, since a microencapsulated particle-based display is truly reflective, the underlying 
substrate need not be transparent. This offers significant design advantages for the combination 
of organic-based transistors and microencapsulated particle-based displays. For example, the 
transistor can be as large as the.pixel itself. 

Fourth, since the microencapsulated particle-based electrophoretic display can be bistable 
and require updating only occasionally, the organic transistor need not address the display 
continuously, which will extend the life of the transistor. 
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Fifth, a ■nieroencapana.ed tmUtiml fflspby ^ ^ bm ^ ^ ^ 



transistor. 



7a-7c,M0^„,„ cco ^ Ka ^ d ^^ m ^ ^^^^^ 
*^^^^c^ m ^ c ^ Anelectronjc . nk . m 

Phase i^^^^^^^^^^ 
pHas. incinde, „ one , ^ mattjx ^ _ ^ 

a^pno^icpnase. ■n* iSOT bo dim e„, aiepolymerilllhepo]yraericbinderiscapabieo/ 
- g dried, c^nenrfse^ « „ ^ ^ ^ 

process can be t0 deposi , ^ ^ ^ # 

optfeal of ,„ electrMic ^ „ qujte ^ ^ oihw ^ 

— * TTa «, notable difference is fca, to e^e ink provides . Mgh 
"flacance and conna* We „ . ^ ^ ^ ^ ^ ^ ^ ^ ^ 

~ fton, ,„e clonic * «. ^ , veiy ^ ^ rf ^ ^ ^ ^ ^ ^ 

.nOnsrespec, i, lmaMmm ^ ^ ^ 
"**--*^* W| *.^ B11Mi|ii(w- 
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display material. Since electronic ink can be orintei it ~ n • i ^ J . 

oe printed, it can be included on the same surface with 

any other printed material, including traditional inks FWt™;„- t, L 

5 monaimxs. blectronic mk can be made optically stable 

in all display configurations, that is, the ink can be set to * ™™*t- ♦ , 

can oe set to a persistent optical state. Fabrication of 

a display by printing an electronic ink is particularly useful in 1™, ™ .• • 

P many 1 m low P° wer applications because of 

this stability. 

Election* ink dispUys are novel in to tey can ^ „ y Dc ^ ^ ^ 

very ft* current As such, tite conductive leads and erodes nsed «o deUver the voltege ,„ 
demonic ink dispiays can be of relatively high resistivity. The ability ,o nse resistive 
conductors substantially .widens the number and .type of materials that can be used as conductors 
in electronic ink displays In parnculas, me use ofcosrly vacuum-sputtemd indium tin oxide 
CITO) conductors, a standard materia, in li q nid cryaal devices, is no, required. Aside from cos, 
savings, me replacemen, of 1TO with other ma,erial s can p rovi de benefit fa appearance, 
processing capabilities (printed conductors), flexibility, and dumbilKy. Additionally, me printed 
alectiodes are in comae, only wim a solid binder, no, with a fluid layer (like liquid crystob). 
This means ma, some conductive materials, which would chemise dissolve or be degraded by 
contact WW, liquid crystals, can be used in an electronic ink application. These include opaque 
nrelallic inks for me rear electiode (eg, silver and graphite inks), as well as conductive 
■tansparen, inks for enher substiate. These conducive coatings include conducting or 
semiconducting colloids, examples of which are indium tin oxide and antimony-doped ,i„ oxide. 
Organic conductors (polymeric conducors and molecular organic conductors) a,so may be used. 
Polymers include, bu, are no, limited ,„. polyanitine and derivatives, polythiophene and 
derivatives, po,y3,«.e„,y,e„edioxy,hiophe„e (PEDOT) and derivatives, polypyrrole and 
derivatives, and poly ph e„y,e„evmy,e„ e (PPV, and derivatives. Organic mo!ecu,ar conducors 
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i-Cude, bo, m „ limited t0> deriratives of ^ . phthajocyantos _ ^ ^ 
Poises ia^ ^ be ^ ^ _ ^ ^ ^ todWoM| ^ ^ 

conductivity requirements are not as stringent. 



: one 



Figure llashows an electrophoretic display 430. Tfc binder 432 includes at , east , 

capsule 434, which is filled with a plurality of particles 41fi ,„,i ^ , 

""voi particles 436 and a dyed suspending fluid 438 In 

--to**.***.*..^^ ^ adi ^. mlecHcfieldoftlK 

appropriate po,^ is applisd aaos ^ ^ ^ ^ ^ ^ ^ ^ 
dark. ' 

ofp mi c lK 44 2 Masec„ nds e,ofp art c te44 4 i „acap Sul e 44 K.T he f irase , ofpmiclM442 
- seoood «, of pmides w have ^ propertiK ^ ^ ^ ^ 

ofpart,cles 442 aiid the second set of particles 444 can h^A-fr • , * 

paracies 444 can have differing electrophoretic mobilities 

In addition, * *« „ of panicles ^ ^ ^ ^ ^ rf ^ ^ _ ^ 

colors, h^^,,,^^^^ 

baa eiecodes 446 and 44,. disposed adjacent i, T„ e eleclrodes ^ w „ „ ^ , 

source of vo„a g e 44S, wMch may pIovide (AQ ^ „ , 

(DO fieid ,o the capsuie 44,. Upon appiication of an electtic field aOTK ^ 

-be firs, se, of pasticiea 442 mo ve , owa , d elec ,,ode 446 , ^ fte ^ ^ ^ 
444 move toward electrode 446. 
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Figure He shows a suspended particle display 450. T^e suspended particle display 450 
includes needle-like l^«2».t- W | Ud 454. Itap^^d-^^ 
orientation upon application of an AC field across the electrodes 456, 456'. When the AC field 
is applied, the particles 452 are oriented perpendicular with respect to the display surface and the 
display appears transparent When theACfield is removed, the particles 452 are randomly 
oriented and the display 450 appears opaque. 

The electrophoretic displays provided in Figures 1 la-1 1c are exemplary only, and other 
electrophoretic displays can be used in accordance with the present invention. Other examples of 
electrophoretic displays are described in commonly ow*ed, copending U.S. Patent Application 
Serial Numbers 08/935,800 and 09/140,792 which are incorporated herein by reference. 

The successful construction of an encapsulated electrophoretic display requires the proper 
interaction of a binder for binding the capsules to a substrate, electrophoretic particles', fluid (for 
example, to surround the electrophoretic particles and provide a medium for migration), aud a 
capsule membrane (for example, for enclosing the electrophoretic particles and fluid) must all be 
chemically compatible. The capsule membranes may engage in useful surface interactions with 
the electrophoretic particles, or may act as an inert physical boundary between the fluid and the 
binder. Polymer binders may set as adhesives between capsule membranes and electrode 
surfaces. 

Various materials may be used lo create electrophoretic displays. Selection of these 
materials is based on the functional constituents of the display to be manufactured. Such 
functional constituents include, but are no, limited'to, panicles, dyes ; suspending fluids 
stabifeinVcharging additives, and binders. In one embodiment, types of particles tha, may be 
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and luminescent particles Such™,*; i 

v«uuues. j>ucn particles may also be tnmmrmt tr 
ti. an ; a u- L so oe transparent. Exemplary particles include 

encapsulatedwimanmsulanvecoanngtoreduceelectric.lc , • 

a , .. auce ^ectncal conduction. Light-blocking or 

absorbing particles may include forest a 

' reX ^ P,e ' dyeSOr ^ts.Typesof dy esforusein 

electrophoretic displaysare conunonly known in the art Tl *,„ 

^ ■* UsefbId yes are typically soluble in the 

suspending fluid, and may further be Dart of, . • 

thermal h k ^ ° f 3 ^ D ^ -ay be polymerized by 

dermal, photc^hemical/and chemical diffusion processes Sin., d 

alsobeused. . Sui B le d ^ or mixtures of dyes may 

A suspending (/.e electrophoreticl flnM m v "... 
fluid fc - } ^ bC 3 ^ The suspending 

~* ra ,^ offluids , mayhavejud ^ 

— ydrocarboamayakobealowmoi _ 

**» of polymeria™ for this polymer may h. ft ,. 

ijmer may be from about 2 to about 1 0. 

Furthermore, capsules may be formed , 
as bind. ■ , fMmed '*°r lattr thspereed in, a binder. Materials for use 
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* eXam, " B *» - »- ~M electiophoretic displays 

*- - other p.,^ ^ medja ^ ^ ^ ^ Mudhs encapsulated 
-pended partiOes and romting ba,, d^ays. ^ ^ ^ ^ ^ ^ ^ ^ 
magnetic particles, also can be useful. 

Insomeca S es,a S e P an,.encap S u J ation S ,epofti 1 ep K «s S i snotnecessaiy . ^ 

bmde, materia,) ,„ tmo what may _ ^ , ^.^^ ^ „ ^ 

-oh displays, ft. individual electiophoretic phases may be ,eferted ,„ as capsu.es or 
nuccocapsules even though no capsule membrane is pr ese„, Such polyme^spersrf 
electiophoretic disp b ys am considered ,„ be subsets of encapsulated electiophoretic displays. 

In an encapsulared dectrophoretic display, the binder materia, surrounds the cnpsules and 
« fte nvo bounding elecnodes. This binder material mus, be compatible with the capsule 
-0 bounding decodes and mus, posse, properties ,ha, allow for facUe printing or coating. „ 
may aUo possess barrier properties for water, oxygen, ultra™,* light, the electrophone fluid . 
or other material, Further, i, may contain surface and cmss-Hnldng agents, which cou,d aid 
- coating or durabitity. The pdymer-dispersed electiophoretic disp,ay may be of fte emu lsi on 
or phase separation type. 

In another detailed embodiment fte display media can comprise a phnality of btchroma. 
spheres shown „ Figure , Id . A bichr0Iml sphere ^ ^ ^ ^ ^ 

hemisphere «« „f a ta coloc Md . nega , ive , y ^ ^ ^ ^ ^ ^ ^ 

medium ««. Upon a Pplic a tio „ 0{m electrlc ^ ^ ^ ^ ^ 
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electrodes 468, 468', the sphere 460 rotates and displays the color of one of the two hemispheres 
462,464. 

In one embodiment, . e.ech„nic ^ „ ^ ^ ^ fc ^ ^ ^ ^ 
"^^-^c^roaco^^^^^^^ 

^^^ando^s^^. mapreferrodemho.imen.meendre 
or a portion of me dismay is ^ ^ , ^ ^ 

Referring ,„ Figure 12> aep ^ ^ ^ ^ _ ^ ^ ^ ^ ^ 
^502^^.^.^.504. .noneemhodimen,,^^^^ 
capsuie eomprisins eiecnophoredo parne.es 508 dispersed in a flnid 5, 0, and a hinder 5 .2 can he 

^-"^-^^^^^^^.^^^ 

- Panem is sub^uendy ^ fc , ^ ^ ^ ^ ^ ^ 

'n another emhodimen,, the top eieohode 504, itseif, la u*. pri „, ed , 0 fom , , ^ 
conductive fflm on the snhsnate 502 prior ,o ina,e, p rind„ g the microcapsu.es 506. The it* 
-d to ooa, the substmte 502 ma, he a „ TO „i„e suspension of indium tin oxide (.TO, or 

".ea i a5„„can b epreparedus,, g o,he rp rinU„ gro e 1 hodsoro m era P propria,e„o„-pri„,i„ g 
methods known to those skilled in the art. 
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COA a i » 

and 



Referring to Figure 12, step 2, column electrodes 520, row electrodes (not shown), 
Pixel decodes 522, as we.l as organic-based transistors 524 can be ink-je. printed on a 
substrate 526 using a transfer member as discussed' above. Tie conductor fo, forming the 
electrodes tan be any one of the following materials: organic conductor, molten metel, 
conductive pdvmer, ITO, and polymer fflm comprising meta. or Cher conductive particles. 
Alternatively, the electrodes can be provided using another printing meuaod, evaporation, 
deposition or other suitable processing methods, while the transistors are ink-je. printed. 

Ref ^ n 8«°. Fi ^'2.«e P 3,u,edis p Iaymedia500 P rovidedonth=subsnate502and 
the etecteonics 530 provided on the substrate 526 „ be assembled to form an elccteonic display 
600. For example, rhe display media 500 and tire electeonic 530 can be laminated and sealed for 



protection. 



While tire invention has been ptuticularly shown and described with reference to specific 
preferred embodiments, it shouid be understood by those shiUed in tire a« tha, various changes in 
fom, turd detai. may be made therein without departing ftom the spirit and scope of the invention 
as defined by the appended claims. 



What is claimed is: 
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Claims 

i i. 



2 



4 

5 
6 
7 

8 
9 



A method of manufacturing an electronic device comprising the steps of: 
b ) providing a substrate; 

^^^^^^^^^ 

^^^»«^c 0 mpri^a,^o M0 faconu^m aterial>anda 
semiconductive material; and 

■0 Warring ... ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

the component of the electronic device. 



.' 2. ^".^.fcto,^^^^^^ 
^ W li ^fo"PPlyh^arel^ 1 na,erial to a.e ta n S f« ma nb CT . 



comprises an 



1 3 - The method of claim 1 wherein ctpn m 

wherem step b) eompnses providing the substrate on a conveyor 

2 belt. 



1 4 - The method of claim 1 wherein «tmM 

m StCp b) cora P nse * Providing a plurality substrates as ; 

2 batch. 



' * ^^Ofciaim^cminu.^,^^^^^ 
and a pressure applying member. 
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1 S. The method of claim 1 wherein the plurality of ink drops further comprises an insulating 

2 material. 

• TT>=meftodofclainU wherein He plurality ofink drops form an Wc pattern 

2 ^^ondiiigtoatleaStaeoniponentofatransiaor. 

2 surface of the transfer member and step c) comprises dispensing the ptaaliry of ink drops 

3 adjacent the release material. 

2 andd). 

10. ^ e -thodofclaimlwheremstepc)compnsesdi^ 
applying a. voltage signal to the print head. 

11- The method of claim 9 further comprising providing a controller for controlling an 
application of the voltage signal. 

12- The method of claim 1 wherein step b) comprises providing a flexible substrate. 

13- The method of claim 1 wherein the plurality of ink drops comprises at least one of an 
organic conductive material and an organic semiconductive material. 

14- The method of claim 1 wherein the plurality of ink drops comprises at least one of a 
colloidal inorganic conductive material and a colloidal inorganic semiconductive 
material. 
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corresponding to the electronic device and an ,u k. • 
, „ . andan ^cn-on 1 cd 1 spla yrae dia adjacent the electronic 

* device. . 

*■ * a "" b **» *• iconic disptay n.edia. 

- P-K each caps* inclute a bichromaJ jphere ^ h a 

«• ^odofc,^ , whe rcin s,ep c)comprisesdispensingaphiraIityofini[droiK 

object 

conducive p attem , Md a™,^ e|ectroni<; 
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2 corresponding to at least a component of a diode. 

1 25. An electronic device made by the method of claim 1. 
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